This paper presents a practical design of an intelligent type of controller using Interval Type-2 Fuzzy Logic Controller (IT2FLC) concepts for excitation control of a practical power generating system. This type of controller is suitable for real time operation and aims to improve the dynamic characteristics of the generating unit by acting properly on its original excitation system. The modeling of the power system under study consists of a synchronous generator connected via a transformer and a transmission line to an infinite bus. Next, digital simulations of the above system are performed using fuzzy control techniques that are based on previous work. The dynamic performances of the interval type-2 fuzzy logic controllers (IT2FLC) along with Interval type-1 Fuzzy logic controller in short FLC is presented by comparison using the integral square error criterion (ISE). Typical transient responses of the system are shown for comparison in order to demonstrate the effectiveness of the proposed controller. The computer simulation results obtained demonstrate clearly that the performance of the developed controller offers competitive damping effects on the generator oscillations, with respect to the associated ones of the FLC, over a wider range of operating conditions, while their hardware implementation is easier and the computational time needed for real-time applications is drastically reduced. In MATLAB/SIMULINK is simulated model of the synchronous generator connected to an AC system. A simple fuzzy logic control scheme is simulated for voltage control and generator stabilization.
INTRODUCTION
The effect of the high-speed excitation on dynamic stability is to add negative damping to the system thereby causing oscillations with weak damping. A design of such an excitation system should also be satisfactory for a wide range of operating conditions as well as for fault conditions. Practical methods for nonlinear control include an open-loop inverse model of the nonlinear plant dynamics and the use of feedback loops to cancel the plant nonlinearities. The approximation of a non-linear system with a linearized model yields to the application of adaptive control, where real-time measurements of the plant inputs are used, either to derive explicitly the plant model or design a controller based on this model (indirect adaptive control), or to directly modify the controller output (direct adaptive control) [1] [2] [3] [4] [5] [6] . Typical studies concerning applications of modern algebraic and optimal control methods in excitation controller design using linear system models and output feedback have been presented before. Fuzzy approaches to intelligent control schemes treat situations where some of the dining relationships can be described by fuzzy sets and fuzzy relational equations [7] [8] [9] [10] [11] [12] . Fuzzy logic controllers (FLCs) constitute knowledge-based systems that include fuzzy rules and fuzzy membership functions to incorporate human knowledge into their knowledge base. Some studies concerning applications in excitation controller design using fuzzy set theory have been developed before. Most knowledge-based systems rely upon algorithms that are cumbersome to implement and require extensive computational time. Fuzzy logic provides an inference that enables approximate human reasoning capabilities to be applied to knowledge-based systems. The results are compared with those of the FLC [13] [14] [15] [16] [17] [18] . The overall evaluation of the proposed controller is made through the ISE criterion. The computer simulation results obtained over a number of simulations clearly illustrate that there are potential capabilities of this proposed approach. It is also demonstrated that the performance of the developed controller will offer competitive damping effects on the generator oscillations over a wider range of operating conditions, with the associated ones of the FLC design. Electrical power system generally consists of some generating unit, transmission line, and load center. The fault is always occurred in the electrical power system, whether it is a permanent one or temporary one. The fault in electrical power system can caused deviation on system's variables, such as voltage, frequency and others. This deviation can affect the stability of system. Stability in electrical power system is defined as an ability of electrical power system to maintain synchronization during and after fault occurred. Nowadays IT2FLC based PSS has possibility to be designed and implemented with a new controller based on a modern and sophisticated technology such as artificial intelligent. In artificial intelligent methods, fuzzy logic is really interesting, because it does not need mathematical approach to give control solution [19] [20] [21] [22] [23] . Fuzzy logic and fuzzy sets are fundamental element for fuzzy systems, where their objective is to model brain manipulates inexact information. So this method is suitable for a complex system and non-linear. Fuzzy set is introduced first time by Zadeh in 1965 to manipulate data and information which unprobabilistic and uncertain. Further development on type-1 fuzzy set is interval type-2 fuzzy set. Interval type-2 fuzzy set is used to model uncertainty and imprecision in a better way. Interval type-2 fuzzy set is introduced at the first time at 1975 by Zadeh and developed by Mendel with characterizing interval type-2 fuzzy set as Footprint of Uncertainty (FOU) [24] [25] [26] [27] [28] . FOU is limited by superior and inferior type-1 membership function. The development of fuzzy set from type-1 to interval type-2 in most cases always shows a better result.
EXCITATION SYSTEM
Excitation current is provided by the excitation system usually consists of autonomic voltage regulator (AVR), exciter, measuring elements, IT2FLC based power system stabilizing Controller and limitation and protection unit (Fig.1) . Exciter is the source of electrical power for the field winding of generator and is realized as a separate DC or AC generator. Exciter has its field winding in the stator, and armature winding in the rotor. In case of AC generator, as the rotor rotates, stator DC current induces a three-phase alternating current into the rotor winding. This AC current is rectified using diode, thyristor or transistor bridge installed in the rotor. Exciter is controlled by the AVR, which is very effective during steady-state operation, but, in case of sudden disturbances it may have negative influence on the damping of power swings, because then it forces field current changes in the generator.
Figure 1. Excitation system of synchronous generator
This may be eliminated by introducing a supplementary control loop, the IT2FLC based power system stabilizing Controller, which produces an additional signal into control loop and in that way compensates voltage oscillations. The typical range of oscillation frequencies is of 0.1 to 3.0 Hz and insufficient damping of these oscillations may limit the ability to transmit power. IT2FLC based PSS input quantities may be speed deviation, generator active power, frequency deviation, transient electromotive force and generator current. Usually two of these input quantities are chosen to get optimal regulation. Measuring elements are used to obtain excitation system input values. Generator armature voltage is always measured and measurements of armature current and the excitation current and voltage are optional. Limitation and protection unit contains larger number of circuits which ensure that certain physical values (e.g. generator armature voltage, excitation current, etc.) are limited.
Alternator model under study
The power system model to which the new proposed controller design is applied consists of an 87.5kVA alternatorset model connected via a transformer and transmission line to an infinite bus, is shown here in Fig. 2 . The machine model was selected to have parameters broadly typical of those associated with larger machines. This approach can facilitate hardware changes as required and allows for practical tests to be carried out without disruptions in main generator sources. The main parameters for this machine for practical purposes are shown in the Appendix A. It is readily seen that the perunit reactances are representative of turbogenerators in the range of 20-30 MW. 
CONFIGURATION OF THE FUZZY LOGIC CONTROLLER
Structure of the fuzzy logic excitation control is presented on the fig. 4 . The fuzzy controller has two control loops. The first one is the voltage control loop with the function of automatic voltage control and the second one is the damping control loop with the function of power system stabilizer. A simple fuzzy polar control scheme is applied to these two control loops. The detailed configuration of the fuzzy logic The Fig.6 shows block diagram of fuzzy logic excitation control. [6, 7] . Interval type-2 membership function is shown in Fig. 7 .
THE PROPOSED INTERVAL TYPE-2 FUZZY LOGIC CONTROLLER

Figure 7. Membership function interval type-2 fuzzy logic set
Operation at Interval type-2 fuzzy set is identical with an operation on type-1 fuzzy set, however on interval type-2 fuzzy system; fuzzy operator is done at two type-1 membership function which limits the FOU, UMF and LMF to produce firing strength. Operation on interval type-2 fuzzy logic is shown in Figure 8 . two" on interval type-2 fuzzy logic system is shown in Fig. 9 . Defuzzyfication is a mapping process from fuzzy logic control action area to a non-fuzzy (crisp) control action area. Defuzzyfication on an interval type-2 fuzzy logic system that use centroid method has been proposed by Karnik and Mendel, known as Karnik-Mendel Algorithm. The Karnik-Mendel Algorithm flow chart is shown at Fig.10 . (1) (1) 2) Calculate c' through equation (2) (2) 3) Calculate K value, so it fulfills equation (3) (3) 4) Calculate c" through equation (4) (4) 5) Check, if c "1 =c' than stop. If not, set c' =c "1 then return to step number 2.
The cr determination
1) Initialization θi , through equation (1) 2) Calculate c' through equation (2) 3) Calculate k value, so it fulfills equation (3) 4) Calculate c" through equation (5) (5) 5) Check, if c "r = c' than stop. If not, set c' = c "r then return to step number 2.
Centroid calculation
The Cl and Cr are important in centroid calculation. The centroid can be obtained through equation (6) .
Even though centroid calculation is an iteration process, the number of iteration will not exceeds N, where N equals the number of sampled values of the primary variable.
Interval type-2 fuzzy logic controller
The model of IT2FLC refers [2] with a type development on fuzzy logic controller block, and to simplify model integrator block is also removed. IT2FLC model is as shown in Fig.11 . 2) Gain [Kw Kp Ks1]: Gain is needed to normalize the input and output of fuzzy logic controller.
3) IT2 Fuzzy Logic Controller:IT2 Fuzzy Logic Controller has a function to produce control signal as an output appropriate with the input.
4) Limiter
In order to set fuzzy logic controller, input membership function, output membership function, rules, and gain tuning are definitive. Detail of input membership function, output membership function, rules, and gain tuning are as follows:
Input membership function
Each of input variables are classified by Input membership function consists of trapezoidal membership function and triangular membership function, described in Fig. 12 . 
Output membership function
Output membership function also consists of triangular membership function, described in Fig. 13 . 
Rules
Rules used by IT2FLC are identical with IT1FLC. The Rules are shown in Table 1 . 
Gain tuning
The gains of the proportional and derivative actions of the IT2FLC are given by the following relations: KPR = Ks1 × (F {Kp} + F{Kw}), KDER = Ks1 × F {KP} With KPR, KDER are proportional gain, derivative gain, and fuzzy operation, respectively. To obtain the gains Kw, Kp, and Ks1 a two steps method has been used. These two steps consist of adjusting Kp and Kw in order to normalize input and then tuning Ks1 to obtain best result. The value of Kw, Kp, and Ks1 are 0.55, 50 x Kp, and 3, respectively. Figure 14 . Angular speed deviation 
APPLICATION AND SIMULATION RESULTS
CONCLUSIONS
Synchronous generator is the source of energy in electrical power system and therefore regulation of synchronous generator affects not only generator itself, but also entire power system. In synchronous generator mechanical energy of rotor is transformed into electrical energy in stator winding. This energy transformation is provided by excitation of synchronous generator and is regulated by excitation system. Excitation system usually consists of autonomic voltage regulator, exciter, measuring elements and power system stabilizer and limitation and protection unit. Excitation system models in the meaning of structure and implemented controller type are classified and standardized. All these models include linear controllers (P, PI or PID controllers) because they are mostly used in practice. Linear regulation is good for stationary state, but in transition state quality of regulation changes with change of operating point, for synchronous generator is a nonlinear system. To solve this problem nonlinear regulation is introduced. Nonlinear regulation may be implemented in form of neural networks, fuzzy control or adaptive control. In this paper excitation control of a power plant alternator using interval type 2 fuzzy logic controller (IT2FLC) is proposed. These structures are more complex than structures of linear regulation, but have potential to improve excitation system regulation with further development.
